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Abstract 
The skills crisis in science and engineering can be tracked, in part, to a lack of effective 
science education in primary schools. Recent curriculum reforms and professional learning programs 
for teachers focus on constructivist-inspired pedagogies but to date have had little impact on the 
quality and quantity of science learning in primary classrooms. Central to implementing these 
reforms has been the role of professional development. A typical model for professional 
development programs has been the one-off after-school presentation with minimal follow-up or 
linkage to the teachers‟ current needs. The effectiveness of presenter-led modes of PD has a number 
of constraints, including relevance, teachers‟ time and the availability of suitable facilitators.  
This study examines the literature on teacher professional learning and proposes a model 
addressing the identified constraints, in the context of implementing the Primary Connections 
science/literacy program. Strategies identified as most effective in facilitating change in teachers‟ 
practice include: educative curriculum materials; curriculum development; collaborative 
partnerships; and teacher reflection. These strategies are of particular interest because they offer 
potential to mitigate three major constraints to professional learning: time; individual needs; and 
classroom context. In addition, these strategies all reduce the participants‟ dependence on the role of 
a „presenter‟ or facilitator. This paper provides guidance for PD facilitators and designers in 
developing more successful and cost-effective models for achieving reform in classroom practice. 
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Introduction 
The importance of teacher quality in improving educational outcomes is uncontested, 
according to The Future of Schooling in Australia report (Council for the Australian Federation, 
2007). Consequently, that report highlights the need to explore innovative approaches to teaching 
and personalised learning. The centrality of the teacher‟s role is also emphasised in the Australian 
School Science Education National Action Plan 2008 – 2012: “The teacher is a critical factor in 
determining students‟ interest and motivation to learn science because it is the teacher who 
implements the science curriculum” (Goodrum & Rennie, 2007, p. 18). 
This paper addresses the reform of science teaching in primary schools, in particular, 
building the capacity of primary teachers in line with contemporary research findings. 
The need for reform in science education 
As in other countries, the need for reform has been recognised in Australia, where the 
percentages of students leaving school with chemistry, physics or biology are declining (DEST, 
2006). Inadequate and/or ineffective primary science education is identified as one of the causes for 
this consistent decline in high school science schooling which is matched by declining tertiary 
enrolments in science-related courses and, consequently, an increasing shortage of workers with 
science, engineering and technology skills (Goodrum & Rennie, 2007). 
In a review of international research, Aikenhead (2006) found recurring evidence that the 
culture of school science, with its traditional emphasis on “canonical science concepts”, is at odds 
with students‟ self-identities, so science has little personal or cultural value. Students generally 
believe science and technology are important, but most do not wish to become scientists, according 
to data from the international Relevance of Science Education (ROSE) project (Sjøberg & Schreiner, 
2005).  
A government response 
The Australian School Science Education National Action Plan 2008 – 2012 (Goodrum & 
Rennie, 2007) proposes strategies to address this issue, including better provision of professional 
learning for teachers so they can maintain their content knowledge of contemporary science, and 
“improve their pedagogical and pedagogical content knowledge, particularly those inquiry-based 
pedagogical strategies that develop scientific literacy” (p. 20).  
Such findings and proposals have triggered a range of responses from Australian 
governments, one of which was to fund the Australian Academy of Science to develop the Primary 
Connections program (Australian Academy of Science, 2005), currently being developed and 
progressively implemented in all States and education jurisdictions in Australia. It comprises “a 
sophisticated professional learning program supported with rich curriculum resources and is 
designed to increase teachers‟ confidence and competence in the teaching of science and the 
literacies of science” (Hackling & Prain, 2005, p. 15). The impact of this program on changing 
classroom practice in science teaching and learning is the focus of a current study of which this 
paper is a part. 
The role of science education 
Debate about the role of school science education hinges on the question of whether the aim 
is to (1) prepare students for tertiary science studies and careers in science, or (2) raise the scientific 
literacy of the community as a whole (Tytler, 2007). Consideration of this debate is central to 
decisions about the way science is taught in primary schools, and consequently, the content and 
pedagogy of teachers‟ professional learning programs.  
Although secondary teachers historically tend to enact the view that they are preparing 
students for university, Tytler and Symington (2006) found that they are at odds with the views of 
scientists. The practising scientists in their focus groups shared a common belief that the curriculum 
held an outdated and discipline-bound view of science, and that there should be an emphasis on 
engaging young people, rather than developing future scientists. This view is supported by the 
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Australian School Science Education National Action Plan 2008-2012 (Goodrum & Rennie, 2007) 
which states that the fundamental purpose of school science education is promoting scientific 
literacy. Table 1 outlines the definition of scientific literacy developed for Australia‟s national 
“Science Literacy Progress Map” (Curriculum Corporation, 2006).  
Table 1 
Three domains of knowledge in scientific literacy (Curriculum Corporation, 2006) 
A Formulating or identifying investigable questions and hypotheses, planning investigations 
and collecting evidence. 
B Interpreting evidence and drawing conclusions, critiquing the trustworthiness of evidence 
and claims made by others, and communicating findings. 
C Using science understandings for describing and explaining natural phenomena. 
 
The ‘primary’ focus 
Students‟ disengagement with science in high school, as noted above, can be seen to stem 
from their experience with the subject in primary school. The quality of teaching and learning is 
dependent on teachers and in turn their own pre-service or in-service education. Despite progressive 
curriculum frameworks, the implemented curriculum has been found to be quite different from the 
intended curriculum, and in some primary schools science was not taught at all (Goodrum, Hackling, 
& Rennie, 2001). 
One of the problems for primary teachers is that they are trained as generalists and are 
expected to teach a number of subject areas. Primary teacher education includes a science 
component but there are at least five other content areas, including major emphases on literacy and 
numeracy. Graduates are likely to lack confidence in teaching science and this becomes a constraint 
on how much science is taught  (Goodrum & Rennie, 2007). Consequently, it is not surprising to 
find evidence that science teaching has been given little time in classrooms; as little as 2.7% of class 
time according to one Australian study (Angus et al., 2004). 
The way science is taught in primary schools is strongly influenced by teachers‟ beliefs 
about teaching, learning and science (Keys, 2006) and relates clearly to their level of self-efficacy, 
that is, their confidence in teaching science (de Laat & Watters, 1995). However these practices and 
beliefs often do not reflect current theory and accepted models of good practice (Keys & Watters, 
2006), so there is a need to consider the knowledge and understandings required by effective 
teachers of science in contemporary primary schools in order to identify key foci for professional 
development.  
What is ‘effective science teaching’? 
According to popular myth, studying science involves memorising facts from textbooks 
(Abell & McDonald, 2006), and experiments are simply exercises in verifying theories that explain 
known phenomena (Coble & Koballa, 1996). Hackling and Prain (2005) found a very different view 
in their review of Australian studies of effective science teaching practices, with the literature 
converging around six key characteristics, listed in Table 2. 
Table 2  
Key characteristics of effective science teaching (Hackling & Prain, 2005) 
1 Relevance to students’ lives and interests in a safe and supportive learning environment 
2 Classroom science is linked to broader community 
3 Students are actively engaged with inquiry, ideas and evidence 
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4 Students are challenged to develop and extend meaningful conceptual understandings 
5 Assessment facilitates learning; focus on outcomes that contribute to scientific literacy 
6 ICTs are exploited to enhance learning of science 
 
Contemporary research provides guidance on learning which challenges the effectiveness of 
many earlier beliefs and practices. The characteristics in Table 2 give an indication of how effective 
contemporary science education differs from a traditional model, where concepts and ideas were 
presented without consideration of linkages to the real world or without a formalised understanding 
of learning that extended beyond behaviourist influences. It is unlikely that many of today‟s 
practicing teachers, when they were school students, experienced learning environments with the 
characteristics listed above. Considering the increasing age of some teaching populations, with 
almost half the teachers aged over 45 years in one jurisdiction (Auditor-General NSW, 2008), many 
teachers are likely to have completed their pre-service studies before these pedagogies were 
common in teacher education programs. Hence teachers have to “unlearn” old ways and develop a 
new understanding of contemporary education.  
Constructivist-inspired instructional models 
A diversity of approaches to science education has been applied in the last several decades 
(Peers, 2000), including a didactic („traditional‟) approach focussing on content, a discovery 
approach in which students are led to develop conclusions, and a process approach which 
concentrates on the skills of science. Methodologies inspired by social constructivism, focussing on 
conceptual change, have become dominant in the curricula of recent years.  
To provide teachers with a structured path towards constructivist pedagogies, a range of 
teaching models have been proposed. A common feature in these models is an initial stage designed 
to engage the learner and bring about disequilibrium, exemplified by Bybee‟s interpretation of 
Dewey's (1938) instructional model, in which "the teacher presents an experience where the students 
feel thwarted and sense a problem" (Bybee, 1997, p. 175). A concise example of such a model is 
Nussbaum & Novick‟s (1982) three-step strategy: (1) exposing alternative frameworks (or 
„preconceptions‟); (2) creating conceptual conflict; and finally (3) encouraging cognitive 
accommodation. An alternate, more detailed instructional model is Bybee‟s (2006) version of the 
5Es (Table 3). 
Table 3 
The 5Es instructional model (Bybee, 2006) 
Stage Strategy 
Engage  
 
Elicit thoughts or actions by the student that relate directly to the lesson’s 
objective. 
Explore Experiences where students’ current understandings are challenged by 
activities, discussions and currently held concepts to explain experiences. 
Explain  
 
Presentations of scientific concepts that change students’ explanations to 
align with scientific explanations. 
Elaborate  
 
Activities that require the application and use of scientific concepts and 
vocabulary in new situations. 
Evaluate  
 
Culminating activity that provides the student and teacher with an opportunity 
to assess scientific understanding and intellectual abilities. 
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While these models help to provide structured guidance for teachers implementing a new 
approach, constructivist pedagogies can still constitute a considerable challenge. 
What changes confront teachers?  
Teachers tend to teach science as they themselves were taught, with a focus on “canonical 
science ideas, and very little else” (Tytler, 2007, p. 57). In the 1990s, Appleton and Asoko (1996) 
observed that teachers generally did not hold constructivist views on learning. A decade later, in the 
context of implementing curricula based on constructivist learning theory and pedagogy, a case 
study of four schools (Cooper, 2007) still found very little evidence of constructivist-inspired 
pedagogies 
In the context of science learning, inquiry-based, open-ended investigations are fundamental 
to a constructivist approach (Haney, Lumpe, & Czerniak, 2003) and a significant impact of 
constructivism within the classroom is that responsibility for learning is transferred from the teacher 
to the student (McKenzie & Turbill, 1999). This role reversal can represent a difficult, even 
threatening, change for teachers, particularly when students choose investigations in fields outside 
the teachers‟ subject-area knowledge. Jones and Eick (2007) identified open-ended inquiry as a 
particular challenge for teachers because it requires them to suspend planned instruction to explore 
students‟ questions. Teachers may perceive this approach as relinquishing control of their teaching. 
Consequently, it is not surprising that Cooper (2007) found a high level of resistance to curriculum 
change, with 54% of his sample of teachers preferring not to implement new curricula if given a 
choice.  
Change does not only involve the teacher. Students are active participants and need to be 
engaged in the change process. Conflicts may arise when there are mismatches between teachers‟ 
and students‟ views: “Changing the way students learn is not always popular with the students 
themselves, who often vehemently resist teachers' attempts to change their practice and subsequently 
their classroom learning” (Sheffield, 2004, p. 25). Goodrum (2007) observed similar conflicts with 
students who did not believe they were learning because they equated learning with memorisation of 
content. 
Intended curriculum vs. enacted curriculum 
Even when teachers express support for new concepts, there is limited evidence of changed 
practice. In Odgers‟ (2003) study of teachers who had been using a constructivist-based science 
syllabus since 1999, 41% of the cohort supported a constructivist view of scientific learning but 
related practices were only evident in 3% of their lessons.  
Goodrum (2006) also identified the considerable gap between the intended curriculum and 
the enacted curriculum experienced by students. The „knowledge filter‟ is a term used by Keys 
(2006) in his model that explains how teacher knowledge shapes curriculum implementation and 
why the intended curriculum does not align with the enacted curriculum. As the intended curriculum 
is processed through various aspects of teachers‟ knowledge (including pedagogical content, theories 
and practical knowledge) it is reshaped into the enacted curriculum.  
Consequently, there is an identified need, highlighted by Goodrum (2007), for curriculum 
and professional development (PD) resources that can show teachers how to translate the intended 
curriculum into classroom practice.  
Key issues in teacher PD 
A typical model for teacher PD in primary schools is a one-off presentation in an after-
school meeting of the whole staff. This scenario has been roundly criticised in the literature for many 
years, but in a recent longitudinal study (Bahr, Dole, Bahr, Barton, & Davies, 2007),  it was found to 
still be the predominant model in use, supporting the observation that there are large discrepancies 
between what is known to be effective as PD and what teachers actually experience (Loucks-
Horsely & Matsumoto, 1999). In developing a practical, effective alternative to current practice, key 
themes emerging from the relevant literature will provide guidance. 
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Time 
By far the most criticised characteristic of PD involves adequate time. Bahr et al. (2007) 
noted that successful PD is "a process, not an event" and reported considerable evidence that one-off 
PD events seldom have any impact on teachers or their practice. This is because of the considerable 
time required to understand an innovation and to then reflect on and change teaching practice (Peers, 
Diezmann, & Watters, 2003). PD planners need to consider longer-term processes of change, 
thinking in terms of sequences and combinations of activities rather than isolated courses or events 
(Eraut, 1995; Lederman & Lederman, 2004). 
Having done a substantial review of PD programs (over 1000 surveys as well as 16 case 
studies) Birman, Desimone, Porter and Garet (2000) argued that unless adequate time can be given 
for meaningful change, it would be better not to provide the program at all.  
Individual needs 
The importance of addressing individual needs is also highlighted in the research. In 1986, 
Guskey found that teachers engaging in PD programs hoped to gain specific, concrete and practical 
ideas directly related to the daily operation of their classrooms, and that this did not happen if there 
was a „production line‟ approach to the mass rollout of an innovation. Two decades later, Bahr et al. 
(2007) found teachers still reporting that their time is wasted by 'sheep-dip' seminars that ignore prior 
expertise. Eraut (1995) identified the need for program designs to reflect local needs and concerns 
and take a longer-term view of the change process, thus enabling PD activities to adapt over time to 
match specific needs of the school and its individual teachers. 
Classroom context  
Linking PD to the classroom context is a related issue that is proven to be essential. 
Programs undertaken in isolation from teachers' ongoing classroom responsibilities have little impact 
on teaching practices or student learning (Collopy, 2003; Guskey, 1986).  
The importance of a close linkage between PD and classroom contexts was further 
emphasised by Appleton and Asoko‟s (1996) call for PD facilitators to “practice what they preach” 
by using constructivist pedagogies, because many teachers had not experienced that kind of learning 
in their own schooling.  
Curriculum replacement and ‘educative curriculum materials’ 
Curricula designed with the intent of achieving teacher learning have become known as 
„educative curriculum materials‟ (Schneider & Krajcik, 2002). Exemplary units can offer a window 
through which teachers can glimpse what new strategies look like in action (Loucks-Horsely, 
Hewson, Love, & Stiles, 1998) at the same time as they are serving a complementary purpose of 
enhancing student learning (Bybee, 2006). They may also provide a model for teachers to follow in 
developing their own follow-up units.  
A key design element that makes a curriculum resource „educative‟ is making pedagogical 
judgements visible, that is, helping teachers see why particular tasks were applied rather than just 
directing their actions (Davis & Krajcik, 2005). In this way, teachers move beyond just adding new 
ideas to their repertoire and learn to make connections between theory and practice that inform their 
own curriculum designs.  
Educative curriculum materials are of great interest because they offer potential to address 
three key issues identified earlier: time, individual needs, and classroom context. Unlike workshops 
and other resource-intensive strategies, teachers are able to use innovative curriculum materials over 
an extended period of time. They are able to adapt the implementation to suit their own and their 
students‟ individual needs, and nothing is more closely related to current classroom context than the 
curriculum a teacher is presently using (Schneider, Krajcik, & Marx, 2000).  
Curriculum development 
In their longitudinal study of beginning elementary teachers, Forbes and Davis (2007) found 
the teachers engaged in a substantial degree of curriculum design, drawing on a myriad of sources to 
adapt various textbook-based programs to suit their local needs. This move from being a curriculum 
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„consumer‟ (using provided programs) to designing their own quality curriculum materials 
independently can be daunting for teachers, but another element of educative curriculum materials 
can be templates and scaffolding for curriculum design to facilitate that aspect of professional 
learning. An example is the Primary Connections “Unit Planner” template (Australian Academy of 
Science, 2005) which supports use of the 5Es teaching model. 
Reflection 
As noted earlier, time is a critical factor in successful implementation of change. Much of 
the need for time hinges on teachers‟ need to reflect on the implications of program content and 
changes in their practice. This may be unstructured, or involve formal feedback (Guskey, 1994). 
Keys (2006) proposed moving beyond a traditional model of PD (that just provides 
knowledge and skills) by including reflective practices to make a connection with existing teacher 
beliefs. He highlights the work of Fetters, Czerniak, Fish and Shawberry (2002) who found that, in 
encouraging teachers to move from a text-book based program to the use of science kits, it was 
difficult for the PD facilitators to properly understand the participants response without teacher 
reflections that gave insight into their thinking about the change process. 
Collaborative communities 
In their major report on teaching and learning in Australian schools, Goodrum et al. (2001) 
highlighted evidence that collaboration is essential for quality.  Because teaching is fundamentally a 
social activity, teacher PD is critically dependant on such social interactions (Tytler, Smith, Grover, 
& Brown, 1999). 
In planning a PD strategy, Watters, Leung, and Ginns (2006) cited extensive research to 
support their emphasis on collaborative principles including cooperative planning, peer tutoring, 
mentoring and critical friends. Their view is reinforced by Ballone and Czerniak (2001), with the six 
items in their list of essential aspects of pre-service training all implying a degree of collaboration: 
collaboration with others using same strategy; visiting other classrooms; observing student & teacher 
successes; developing instructional materials; practicing with colleagues to receive feedback; and 
participating in as well as presenting PD activities. 
Effective PD strategies 
In their influential text on PD, Loucks-Horsely et..al (1998) identified fifteen key strategies. 
Tinoca (2004) has since used items from that list as the basis for a meta-analysis of research studies 
using the strategies, comparing their effectiveness in enhancing student learning (Table 4). 
Table 4 
Impact of professional learning on student learning (Tinoca, 2004) 
High impact Curriculum replacement 
Curriculum development 
Medium impact Curriculum implementation 
Partnerships 
Low impact Workshops, seminars 
Partnership with scientists 
Case discussion 
Inquiry 
No impact Action research 
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The PD strategies identified by Tinoca as having the greatest impact had a set of common 
characteristics: 
1. Emphasis on: 
a. curriculum development, replacement  or implementation 
b. scientific inquiry 
c. pedagogical content knowledge 
2. Substantial time commitment: 
a. lasting over 6 months 
b. total duration of at least 100 hours 
Tinoca notes that the „100 hours‟ figure is somewhat arbitrary, and that further research is 
needed to find whether there is an optimal minimum threshold. In his study, that time was made up 
by two 20-hour week-long workshops and a series of bi-monthly four-hour meetings. As it stands, 
that amount of time is far in excess of what most teachers can access for topics considered „core 
business‟ like literacy or numeracy, let alone one like science which is often viewed as „marginal‟ 
(Tytler et al., 1999) or „deemphasized‟ (Forbes & Davis, 2007).  
However there are alternate, more cost-effective ways to offer teachers extended 
engagement with new pedagogies. Strategies discussed earlier (curriculum development; reflection; 
collaborative communities) provide a high level of connectedness to current teaching, while 
requiring much less facilitator input than traditional „stand and deliver‟ presentations.  
Primary Connections professional learning model 
As noted earlier, a key strategy for reform of science learning in Australian primary schools 
is the Primary Connections (PC) program, which explicitly models constructivist pedagogies. The 
program is being implementing by all Australian educational jurisdiction, including endorsement by 
the at least one state authority (Department of Education Training and the Arts, 2006) as the 
preferred model for teaching science in primary schools.  
Fishman et al. (2003) noted that although new materials for science education are usually 
accompanied by PD programs, such activities are frequently treated as an afterthought, ancillary to 
the research and development of the program. Primary Connections is an exception to this pattern, 
with the PD program identified as the central component, supported in part by curriculum materials. 
The program‟s key features have substantial linkage to relevant research findings, as indicated by 
Table 5. 
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Table 5 
Research findings supporting the Primary Connections professional learning model 
Elements of the Primary Connections 
professional learning model 
Supporting literature 
Professional learning workshops based on a 
constructivist model 
Bybee, 1997, 2006; Loucks-Horsely & Matsumoto, 
1999. 
Exemplary curriculum resources Bybee, 2006; Schneider & Krajcik, 2002.  
Opportunities for reflection and collegial 
support 
Fetters et al., 2002; Keys & Watters 2006. 
Analysis of professional practice based on 
principles of teaching and learning 
Loucks-Horsely et al., 1998; Bybee, 1997, Sheffield, 
2004, Tinoca, 2004. 
Extended professional engagement Bahr et al., 2007; Birman et al, 2000: Goodrum, 
2007. 
Links between science and literacy Norris & Phillips, 2003 
Scaffolded and collegial opportunity to 
develop new curriculum units 
Forbes & Davis, 2007; Schneider, Krajcik, & Marx, 
2000. 
   
Implementation issues 
The Primary Connections professional learning package (Australian Academy of Science, 
2007) provides facilitators with all the materials needed to comprehensively implement the program 
with its associated pedagogies and resources, but here we again confront the issue of „intended 
curriculum‟ versus „enacted curriculum‟, because the professional learning program will be 
implemented in schools within all the usual constraints of time, resources and competing priorities. 
Providing a suite of well-designed professional learning resources is a substantial achievement, but 
school administrators and PD facilitators are left to solve perhaps the most difficult problem of 
implementation, that of finding and allocating resources. This writer‟s recent experience facilitating 
the above-mentioned presentations suggests that it is unlikely that many, if any, schools will be able 
to implement the program in full. 
This brings us back to the advice of Birman et al. (2000), that it is better to do a small 
number of high quality programs, or programs with fewer participants, than to compromise 
outcomes by spreading the budget too thinly. District and school professional learning coordinators 
have a complex balancing act in deciding which aspects of the professional learning program will be 
offered to which teachers. 
A proposed professional development model 
This writer is currently undertaking a case study of a professional learning program, in the 
context of implementing the Primary Connections program. Details will be reported elsewhere, 
however the focus of this paper is to propose a PD model that addresses the key issues already 
identified.  A sequential outline of the model is presented in Figure 1.  
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Positive influences: 
 Evidence of student learning 
 Collaborative partnerships 
Support from facilitator 
Process: 
Engage  Explore  Explain  Elaborate  Evaluate 
Orienting 
Introduction to 
constructivist 
models 
→ Planning 
Selecting and 
preparing to 
implement unit 
→ Implementing 
Classroom 
implementation 
of model unit 
→ Designing 
Using 
template to 
design next 
unit 
→ Reflecting 
Reflect on the 
process and 
the learning 
journey 
Strategy: 
Expose preconceptions    
  Create cognitive dissonance   
   Encourage cognitive accommodation 
Negative  influences: 
Teachers‟ resistance to change   
 Students’ resistance to change  
Limited time, equipment and resources 
Figure 1 
A proposed PD model  
In keeping with the model on which the Primary Connections units are based, and in line 
with the advice for PD designers to “practice what they preach” (Appleton & Asoko, 1996), the 
implementation is loosely aligned with Bybee‟s (2006) 5Es instructional model. Some key positive 
and negative influences on the change process are identified, with indication of which stages in the 
sequence they are likely to have the greatest impact. The constructivist basis of the strategy is 
highlighted by including the three overlapping phases of Nussbaum and Novick‟s (1982) learning 
model. 
In the initial „Orienting‟ phase, facilitator-led workshops introduce the 5Es learning model 
and engage teachers in interactive inquiry-based science learning activities.  
Phase two, „Planning‟, is where teachers explore and critique the provided unit plans, select 
and adapt them to their class context. At this stage, collaborative partnerships are established for 
teachers to share the workload and provide support. A semi structured journal is initiated to provide 
opportunities for reflection on action. 
The „Implementing‟ phase involves the teachers using the model curriculum unit with their 
classes. This takes place over a number of weeks or a whole term, providing time for reflection and 
accommodation of new concepts as teachers engage more deeply with the model and associated 
pedagogies. 
As the unit nears completion, the fourth phase, „Designing‟, is initiated. Having worked 
with the exemplary unit, teachers are now relatively familiar with the model so are ready to use it to 
plan their next unit. They are supported in this curriculum development by a template which gives 
explicit links to the learning model. 
The final phase, „Reflecting‟, encourages teachers to review the process and their learning 
journey, and consider its implications for future planning. By this time, evidence of improved 
student learning should be available to impact positively on teachers‟ self-efficacy and their beliefs 
about the new pedagogies. 
Implications 
Traditional facilitator-led „presentation‟ modes of PD have been shown to have little 
relevance or effectiveness, yet they still appear to be a predominant approach used in schools. 
However, they are constrained by the availability of skilled presenters, of time for staff gatherings, 
and the presenter‟s lack of understanding of the situation in which teachers work. Given the ongoing 
decline in student enrolments in the sciences, and the limited impact to date of PD programs in 
addressing that trend, it is timely to explore alternate strategies. The literature provides clear 
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guidance for a way forward, and programs such as Primary Connections offer practical support for 
teachers to apply contemporary theory in their classrooms. 
The model presented here brings together some modes of professional learning that address 
the major issues, including time, individual needs and classroom context, while focussing on 
strategies identified as most effective in facilitating change in teachers‟ practice. There is a change of 
emphasis from the externally-sourced „expert presenter‟ to a focus on classroom practice, 
collaboration and reflection that take place in the school, in a time and manner of teachers‟ choosing, 
and with little or no cost. 
Thus, this model draws together elements of the research literature on teacher PD to provide 
guidance for PD facilitators and designers in developing more effective, and resource-effective, 
models for achieving reform in primary classroom science teaching. 
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